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Significant progress has been made in acoustic microscopy and other forms of acous-
tic imaging over the last two decades. Originally introduced by Quate [11, this technology 
has been established by Weglin [21, Kino [31, Wickramasinghe [4], Bertoni [51, and 
Quate [6] as a powerful tool for materials characterization and development. The work 
described here [7] goes beyond that cited: it utilizes time-resolved acoustic signals of 
much greater bandwidth, and does not rely on V(z) behavior to form images. Instead 
only the digitized amplitudes of the spatially and temporally resolved acoustic signals are 
processed and displayed to form the images. Much of the progress reported here is also 
due to advances in computer display technology. Originally presented as pbsters, the in-
cluded figures demonstrate various hardcopy and high-resolution raster displays incor-
porated in the described acoustic microscope. Keeping in mind the purpose for which 
each image was intended, it is instructive to compare the image quality that the different 
displays can produce. Six figures, containing twenty-nine separate images, make up the 
presentation. In their original display format, each figure was a 30 x 40 in. poster in 
which the individual images were displayed at the identical magnifications that were ini-
tially presented to the acoustic microscopist. 
The 512 x 512 pixel CRT images were therefore displayed at 11 x 11 in., and the 
hardcopy gray-scale recorder images were displayed at an 18 in. width and either an 18 or 
36 in. length, depending on their original format, Le., 1024 x 1024 or 1024 x 2048 pix-
els. The transducers used in this work produce 1.5 to 2.0 wavelength ultrasonic pulses at 
center frequencies of 50 MHz, 20 MHz, and 5 MHz. The beams were focused by high-
velocity lenses of fused quartz or [111] cut silicon at apertures from F/0.8 to F/7.0, 
which resulted in single-point resolution spot sizes from 20 to 300 microns. Work report-
ed elsewhere [7] suggests that the resolution for surface wave imaging is determined by 
the frequency, the surface wave velocity, and the diameter of the entry circle (Figure 1) 
due to the intersection of the cone of convergence caused by the Rayleigh incident angle 
and the entry surface of the material. The maximum dynamic range of the images is con-
trolled by the 8-bit, single-pulse (up to 80 MHz) gated peak detector; however, most of 
the image files were attenuator adjusted to contain maximum amplitude signals between 
7 and 8 bits. This was done to avoid loss of detail due to saturation. 
The reduction of the 30 x 40 in. posters to the 8 x 10 in. page size in the published 
volume reduces the detail available from the original magnifications. In addition, more 
information was lost by the necessity to display the color images in black and white. In 
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spite of these necessary limitations in the published version of the images, the versatility 
and image quality of the microscope are still apparent. In addition, a careful selection of 
the samples used to demonstrate surface inspection (Figure 2) displays the artistic possi-
bilities of acoustic microscopy as well as the detail that highly focused direct reflections 
can provide with respect to surface damage. 
RESULTS 
The acquisition and display of acoustic images from V(z), the interference between 
the Leaky-Rayleigh wave, and the direct surface reflection are well documented [1,61. 
The use of cylindrically convergent, time-resolved surface wave signals is a more recent 
development [7] and is possible only at frequencies for which broadband transducers can 
be fabricated. Figure IA shows a schematic of the broadband acoustic microscope used 
in this work. In addition to the microscope schematic, a description of how the signals 
are set up and gated, and an indication of how deconvolving the acoustic beam from the 
raw data can improve the resolution of a surface wave image, are shown in Figure 18. 
Although the signal that is directly reflected from the surface contains little if any 
subsurface information, a directly reflected beam focused on the surface can provide an 
excellent display of the surface morphology. Figure 2 shows five images of circulated 
coins, which simultaneously show the surface damage sustained by a coin during circula-
tion, the extraordinary skill of the artists who engrave the dies from which the coins are 
struck, and finally the clear promise offered by acoustic microscopes for artistic expres-
sion. 
The inspection of semiconducting devices with an acoustic microscope is normally as-
sociated with large-scale integrated devices. Figure 3 shows a set of images acquired dur-
ing the development of methods to diffusion bond agate turnoff array onto a silicon-
controlled thyristor with a diameter of 77 mm (3 in.). The thickness of [100] cut silicon 
that was penetrated to produce these images is 0.7 mm (0.028 in.). During the process 
development, this was one of the first devices in which ali but two of the fingers in the 
gate array were fully developed and attached. The cracking of the spacer ring did not 
affect the initial successful operation of the device, but it does provide probable failure 
sites for additional cracking during the thermal cycling that would accompany operation 
at 5 kV and 2 kA. 
In the attempts to achieve better and better resolution, work in acoustic microscopy 
has tended to the use of higher frequencies and shorter focallengths. In the inspection 
of a 0.5 in.-thick titanium plate (Figure 4), the selection of a moderately high frequency, 
20 MHz, and a long focus, F/7.0, develops a 0.5. in., -6 dB depth offield that permits 
95% of the plate volume to be inspected with one scan. The large number of displayed 
indications are caused by having seeded the originating billet with nitrided titanium 
sponge. The 5% of the material obscured dur ing the volume scan by the entry surface 
reflection was in turn inspected by a surface wave scan, but these images have been 
deleted for brevity. 
The 5 MHz surface wave images in Figure 5 all originate from the 1024 x 2048 data 
file displayed in Figure 5 (1). The sample displayed was originally fabricated from a 0.5 in. 
thick plate of Rene 95, a nickel-based superalloy, for use as an eddy current calibration 
block. The surface was given a mirror polish, but although the original machining marks 
were smoothed somewhat, they remain in the form of rounded valleys in a front surface 
mirror. The twelve slots and six holes in the sample show a very different interaction 
with the surface wave than the polished fly-cutter gouges left by the machinist. The pur-
pose of the two Wiener filter enhanced images [Figure 5(3) and Figure 5(4)] is to 
demonstrate that the images do contain 1/3 surface wavelength resolution, which is 
0.008 in. (0.2 mm) at 5 MHz. These images also demonstrate software that permits a 
256 x 256 image segment containing the unknown discontinuity to be windowed from 
the 1024 x 2048 image file and processed to display the enhanced shape of the discon-
tinuity. This of course permits the unknown target to be analyzed at a small fraction of 
the time and computer memory that would be requiretl to process the larger file. 
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Most of the acoustic images showing grain size textures are made of as-cast materials, 
such as the 1% silver, 99% copper sample shown in Figures 6(1) to 6(4). The as-cast 
structures usually show grains with somewhat random orientations, which.in turn pro-
duce contrast in the acoustic image that is controlled by the elastic anisotropy of the 
grains and the particular orientation that each grain has with respect to the imaged sur-
face. Since the metal has not been deformed, the grain boundaries are usually straight 
lines and the interior is imaged at a single shade of gray when the parent metal is single 
phase. For the Cu99-Ag1.0 sample shown, Figure 6(4) shows some subgranular struc-
ture. In the forged titanium textures shown in Figures 6 (5) and 6 (6), the grain boun-
daries are much less distinct. However, a cJear gradient in structure can be seen from the 
bottom to the top of both Figure 6(5) and the upper display of the same data file in Fig-
ure 6(6). These types of acoustic images can therefore be used to establish the uniformi-
ty of the microstructure in a large, highly stressed part such as a titanium compressor 
spool for an aircraft engine. 
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Figure IA. Expanded view of GE-CRD's ultrasonic microscope also shown in Figure 
IBm. 
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OESCRIPTION OF ULTRASONIC MICROSCOPE SYSTEM ANO MEASUREMENT 
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Figure lB. Description of the ultrasonic microscope and surface and volume imaging. 
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IMAGES THAT DEMONSTRATE THE RESOLUTlON. THE SURFACE DETAIL, ANO 
(lNCIDENTALLY) THE ARTISTIC POSSIBILITIES OF ULTRASONIC MICROSCOPY 
Figure 2. Images showing the artistic possibilities of ultrasonic microscopy. 
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Figure 3. 
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INSPECTION OF THE ATTACHMENT INTEGRITY 
OF GTO SILICON POWER DEVICES 
Inspection of the attachment integrity and details of the gate array in GTO 
silicon power devices. 
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THE VOUJMETRIC INSPECTION OF A O.S 
TITANIUM PLATE FROM A FOROEO 81LLET 
WITH A 20 MHI Ff7 LONGITUDINAL WAVE BEAM 
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Figure 4. 20 MHz, FI7 inspection of a forged titanium plate. 
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S MHz SURFACe WAVe IN$PECTION OF ARENE 85 
CALI8RATION 8LOCK SHOWING A WIENER FILTER 
ENHANCEMENT OF THE LARGEST EDM SlOT 
Figure 5. 5 MHz surface wave inspection of the nickel-based superalloy, Rene 95. 
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Figure 6. 50 MHz surface wave imaging of grains in cast copper and forged titanium. 
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